c or reduced phenazine methosulfate coupled with the reduction of ubiquinone. We wish to report now that chromatophores from aerobically grown R. spheroides, strain Ga, sensitize these reactions efficiently (with quantum requirements of a few quanta per electron transfer), whereas chromatophores from the nonphotosynthetic mutant strain PM-8 are entirely unable to drive these photochemical processes. The failure of strain PM-8 to catalyze the photooxidation of reduced phenazine methosulfate is the more remarkable because this reaction is sensitized by purified bacteriochlorophyll in vitro.
the conjugates already reported, an attempt was made to develop a more general method, preferably one that could make use of naturally occurring ribonucleosides or ribonucleotides as starting materials.
This paper describes a general method for the preparation of purine and pyrimidine-containing antigens. Its applicability requires only that a ribonucleoside or a ribonucleotide derivative of the base be available. Details of the preparation of conjugates of BSA with adenylic acid, guanosine, cytidine, and uridylic acid are given, as well as some details of the specificities of the resulting antibodies and their interactions with DNA.
Preparation and Characteristics of the Antigens.-The nucleotide and nucleoside antigens were prepared by an adaptation of a procedure developed by Khym and Cohn3 for the determination of nucleotide sequences in RNA and additional techniques described in a later paper by Khym4 for the study of the mechanism of the reaction. The reaction scheme is as follows:
CONJUGATION OF RIBOSIDE (tide) TO PROTEIN
[Analogous to Khym, The ribonucleoside or ribonucleotide was first oxidized with sodium periodate at room temperature. After destruction of the excess periodate by the addition of ethylene glycol, the reaction product was coupled to BSA at pH 9-9.5. Subsequent reduction with NaBH4 stabilized the linkage between the haptenic group and BSA. This reaction should not be restricted to ribonucleosides or ribonucleotides, but should also be applicable to the synthesis of protein conjugates of any glycoside possessing neighboring hydroxyl groups. Thus, the synthesis of conjugates of proteins with naturally occurring glycosides of sterols, steroids, alkaloids, sugars, and anthocyanins (to cite some examples) should be feasible.
Since deoxyribonucleotides do not react with periodate, the preparation of a thymine-containing antigen was recently carried out via the condensation of BSA with 1-,3-D-ribofuranosyl thymine (available through the generosity of Dr. Jack J. Fox of the Sloan-Kettering Institute for Cancer Research). Immunization with this antigen elicited the production of thymine-specific antibodies capable of reacting with DNA. More details will be given in a subsequent communication.
Materials and Methods.-Preparation of the conjugates: The conjugate of AMP with BSA: AMP dihydrate (100 mg) was dissolved in 5 ml 0.1 M NaIO4 and allowed to stand 20 min at room temperature. Excess NaIO4 was decomposed by the addition of 0.3 ml M ethylene glycol followed by a 5-min period at room temperature. The reaction mixture was then added with stirring to an aqueous solution (10 ml) of 280 mg BSA (PENTEX, fraction V) which had been adjusted to pH 9-9.5 with 5% potassium carbonate. Stirring was continued for 45 min, the pH being maintained at 9-9.5 using 5% potassium carbonate. At the end of this period, a solution of 150 mg of NaBH4 in 10 ml H20 was added, and the reaction mixture set aside for 18 hr. Five milliliters of M formic acid were added, followed one hour later by adjustment of the pH to 8.5 using M NH4OH (3.5-4.5 ml). The solution was dialyzed for 36 hr against running water and lyophilized (yield 350 mg).
The ultraviolet spectrum of the conjugate is 2.0 -shown in Figure 1 . It has a maximum at 260 mg. ml water) since the reaction product formed a gel at higher concentrations. It should be noted also that guanosine is not water-soluble but that it dissolves as the oxidation with periodate proceeds. All conjugates were examined for their ultraviolet spectra ( Fig. 1) , their electrophoretic mobility, and sedimentation in the ultracentrifuge. The data obtained were consistent with the conclusion that 20-30 base residues were covalently linked to BSA: UMP-BSA, 29 groups; Guan-BSA, 26 groups; Cyt-BSA, 20 groups.
Immunochemical techniques: The procedures used are described in the previous papers.1' 2 However tris-chloride has been substituted for veronal in the buffer used for C' fixation to obviate any effect5 of veronal on the antipyrimidine, and possibly also on the antipurine antisera.
Results.-Rabbits immunized with each of the purine and pyrimidine conjugates yielded antisera that precipitated with the homologous antigen. In some instances, cross-reactions were noted, but these could often be almost completely eliminated by suitable absorption. For example, Figure 2 depicts quantitative precipitin data for anticytidine antiserum that had been absorbed with Guan-BSA. As may be noted, only Cyt-BSA and Cyt-HSA precipitate with this absorbed antiserum; none of the other conjugates tested, BSA, or HSA gave an appreciable precipitate.
Similar data for an antiguanosine ahtiserum absorbed with Cyt-BSA are shown in containing the homologous hapten, guanosine, but not with any of the other conjugates tested.
The specificity of the reaction between these antisera and the conjugated protein was also established using hapten-inhibitor techniques. In these experiments, the corresponding HSA conjugates were used as the precipitating antigens. The effectiveness of various haptens as inhibitors is shown in Table 1 . The "homol- ogous" haptens are italicized, and, for these, the concentrations required for approximately 50 per cent inhibition are noted. Where this was not possible and for the other haptens, the highest concentrations tested are recorded, together with the corresponding inhibitions. The results confirm the base specificities of the antisera as manifested by the precipitin data (Figs. 2 and 3) . Data for an anti-AMP serum are also presented. It is interesting to note that AMP is a better inhibitor of this serum than either adenosine or adenine, and cytidine appears to be better than either cytosine or cytidylic acid in inhibiting the anticytidine serum.
We can conclude, therefore, that the antibodies are specific for the complete ribonucleotide or ribonucleoside and that the reaction with periodate did not affect the specificity of the haptenic group. The antisera to Cyt-BSA, Guan-BSA, AMP-BSA, and UMP-BSA fix complement with thermally denatured DNA. Typical curves are depicted in Figure 4 . No fixation of complement occurred with native DNA. These results are similar to the findings with antipurinoyl sera,' but differ from those previously noted using anti-5-acetyluracil sera,2 which fixed complement with native DNA as well as with heatdenatured DNA. The specificity of the reaction with DNA was also studied using hapten-inhibition techniques. As may be seen from Table 2 , the antisera tested show marked specificity for the homologous hapten. Discussion.
-Jt now appears possible to obtain antibodies specific for any of the bases found in DNA or in RNA by the use of conjugates prepared by coupling ribosides or ribotides to proteins. Obviously, all of the bases present in RNA, and three of the four major bases in DNA, occur naturally as ribosides or ribotides, and are easily obtainable for coupling to protein. Using the appropriate analogue, 1-f-D-ribofuranosyl thymine, it was also possible to obtain antibodies specific for thymine, which does not occur in nature as a ribose derivative. The preparation of antibodies to the more uncommon ribonucleotides requires only that they be isolated in milligram quantities for coupling to protein.
It has been demonstrated that anti-Cyt, anti-Guan, anti-AMP, and anti-UMP react with thermally denatured, but not with native, DNA, and evidence for the base specificities of all but anti-UMP has been presented. Preliminary evidence for the base specificities of anti-UMP sera and anti-thymidine sera has also been obtained.
Adenylic acid appears to be a better inhibitor of anti-AMP than does either adenosine or adenine. Furthermore, cytidine inhibits anticytidine more effectively than does cytosine or cytidylic acid. These results suggest that antibodies to a riboside conjugated to a protein differ from those produced against the ribotide of the same base. Recently, adenosine and uridine have been coupled to proteins, and antisera to these conjugates have been obtained. These are being compared with anti-AMP and with anti-UMP to determine the effect of the phosphate group on specificity.
Although it is not yet possible to obtain anti-DNA antibodies by immunization with DNA, the results presented suggest that there is no fundamental biological barrier to the formation of such antibodies. This might have been inferred from the reports of an antibody-like substance in the sera of some patients with lupus erythematosus.6! However, these antibodies occur only in a disease state, and the stimulus for their production is not known. In the only other well-documented example of antibodies to DNA,8 the result of immunization of rabbits with lysates of T-even phages, the antibodies are directed against glucosvlated hvdroxymethylcytosine, andreactonly with DNA from these phages. Since the antiphage antibodies would not be expected to react with rabbit DNA, this result would not bear on the general question of the antigenicity of DNA. It will be interesting to determine whether the antibodies discussed in this report will react with rabbit DNA. It seems probable that they will, because all DNA preparations studied thus far, bacterial, mammalian (calf thymus), and chick embryo, have reacted. It would also be of interest to examine the immunized animals more thoroughly for possible pathological effects.
In previous studies on antisera to steroid-protein conjugates9 extensive crossreaction was observed. Antibodies to a testosterone-protein conjugate were almost completely precipitated by a cortisone-protein conjugate as well as by other steroidprotein conjugates. In contrast, the antibodies studied here are highly specific. As seen in Figures 2 and 3 , precipitation is obtained only with the homologous purine or pyrimidine-protein conjugate. Apparently the character of the structure of purines and pyrimidines is such that small differences can be distinguished by the antibody-forming mechanisin. It is interesting to speculate that this individuality is recognized by other anabolic systems as well, and is the basis of the ability of nucleotidies to convey complex genetic information.
Whether or not the specificities of the antisera reported here will be reflected j4 their reactivities with DNA preparations of varying composition remains to be determined. Should this prove to be the case, an immunochemical approach to the elucidation of the structure and biological function of DNA would be feasible. It has already been demonstrated that these antisera inhibit the development of the fertilized sea urchin egg,'0 and experiments testing the effects of the antisera on bacterial transformation are in progress.
Thus far, it has not been possible to demonstrate a reaction with RN A From the specificities of the antisera, it would seem probable that such a reaction does occur, but may require techniques other than those used thus far for its demonstration. It may well be, then, that the structure of nucleic acids, both DNA and RNA, may soon be amenable to immunochemical investigation.
Summary.-A general method for the preparation of conjugates of proteins with nucleosides and nucleotides is described. The conjugates were antigenic in the rabbit and elicited the formation of antibodies specific for the purine or pyrimidine nucleotide or nucleoside used as the determinant group. Antisera to Guan-BSA, Cyt-BSA, UMP-BSA, and AMP-BSA were prepared and were found by complement fixation to react with thermally denatured DNA. No reaction with RNA could be demonstrated. The use of these antibodies as tools for the elucidation of the structure and function of DNA is discussed.
